The objective of the study was to develop a simple and rapid molecular method for the detection of GPV. Twenty seven goose parvovirus (GPV) isolates collected from geese flocks in Poland were examined. Three pairs of specific primers: two outer primers (F3 and B3), two inner primers (FIP and BIP), and two loop primers (FL and BL) were used to accelerate the reaction. The optimum temperature and time of the reaction were 60°C and 30 min. The sensitivity of the method was 10-times higher than PCR. The method proved to be a sensitive, rapid, and specific assay for detecting GPV.
virological, serological, and even molecular methods due to its simplicity and rapidness. LAMP uses Bst or Bsm polymerase for DNA strand displacement activity. Amplification of DNA undergoes at a constant temperature of water bath in less than 30 min of incubation. LAMP requires three sets of primers complementary to the target gene. The first and preliminary stage of LAMP is formation of dumbbelllike structure by simultaneous amplification from inner (FIP and BIP) and outer (F3 and B3) primers. Loop primers (LF and LR) accelerate the reaction. After few minutes, cauliflower-like products are formed in the reaction mixture. They are visible after gel electrophoresis as a ladder of multiple bands. LAMP mixture contains SYBR Green or Gel Red TM dye, which binds to the amplified DNA what results in a strong fluorescence in tubes containing target DNA. Moreover, LAMP does not need gel electrophoresis since the results may be seen by a naked eye or under UV light illumination (7) (8) 11) .
The aim of the study was to elaborate conditions of LAMP as a simple and rapid method for the detection of field strains of GPV, isolated from geese.
Material and Methods
Samples. Twenty seven samples were collected from geese with clinical symptoms of DD. The breeders were under the age of 30 weeks and the broiler geese were in age ranging from 1 to 12 weeks. The birds originated from different regions of Poland. The samples of the liver were collected during post-mortem examination, homogenised, and prepared as 20% suspension in phosphate buffered saline (PBS).
Standard strain. Standard 24/03 strain (Genbank accession number -GQ 468411) was isolated from geese at 2.5 weeks of age with clinical symptoms of DD. The strain was propagated in goose embryo fibroblasts (GEF) prepared from 14-day-old embryos according to the standard procedure. The cytophatic effect (CPE) was observed as rounded cells refracting light and syncytias. The continuity of the GEF monolayer was also disrupted. CPE was primarily detected between 5 and 7 d post infection. DNA from the third passage was used for a further analysis.
DNA extraction. Total DNA was extracted from 200 µL of homogenates, using QIAamp Mini Kit (Qiagen, Germany) according to the manufacturers' procedure. The presence of extracted DNA was confirmed after electrophoresis in 2% agarose gel with addition of ethidium bromide (0.5 µg/mL, SigmaAldrich, Germany). The results were visualised under UV transiluminator and photographed.
PCR. The amplification was carried out in 25 µL reaction mixture containing: 2.5 μl of 10 x concentrated PCR buffer (EurX, Poland); 1 µl of each of primer (10 mM) complementary to VP3 gene: GPV F 5'-TTTATGGCAGAGGGAGGAGGC -3' and GPV R 5' -GGGTTACAGATTTTGAGTTAG -3'; 1 µl of 2 mM dNTP (DNA Gdańsk, Poland); 0.5 µl of 25 mM MgCl 2; 4 µl of 1M betaine; 0.5 µl of Taq DNA polymerase (5 U/mL); 12.5 µl of deionised water, and 2 µl of DNA template (0.05 µg). Reaction conditions were as follows: 95°C/5 min (initial denaturation), then 35 cycles of: 94°C/1 min, 60.2°C/1 min (primer anealing), 72°C/1 min (primer elongation), and 10 min of final elongation at 72°C. Afterwards, 10 µl of PCR products were separated in 2% agarose gel with addition of Gel Red™ dye (Biotum, India) and visualised under UV light transiluminator (Vilber-Lourmat, Germany). The amplification was conducted in T Professional Basic Gradient Thermocycler (Biometra, Germany). The amplified products were separated in 2% agarose gel. The presence of 1,604 bp product was considered as positive result.
Design of LAMP primers. Three sets of specific primers complementary to conservative VP3 region of the GPV gene were design, using Primer Explorer V4 software (http://primerexplorer.jp/e/). The primer sequences are presented in Table 1 .
LAMP. Positive control was represented by DNA of 24/03 strain and negative control was DNA extracted from non-infected cell cultures of goose embryo fibroblasts (GEF). Reaction was conducted in a total volume of 25 µL containing: 1× Bsm Pol buffer (20 Mm Tris-HCl, pH 8. µl of SYBR Green (10,000 x concentrated, Thermo Scientific-Fermentas, Lithuania) or 1 µl of Gel Red™ dye; 2 μl of DNA template, and deionised water. Incubation was performed in water bath at the temperature ranging from 55°C to 65°C (55°C, 58°C, 60°C, 63°C, 65°C). Different time of incubation was tested to optimise the reaction (20 min, 30 min, 60 min, 120 min). The fluorescence was possible by adding SYBR Green or Gel Red TM dyes to the tubes. In case of SYBR Green, the positive results were observed by the naked eye (light green colour) or by the green fluorescence of the positive samples under UV lamp. The orange colour of the tubes and no fluorescence under UV light were considered as negative results. Meanwhile, when Gel Red TM dye was used, the positive samples presented orange fluorescence under UV light while in negative samples no fluorescence was observed. To confirm the reaction, LAMP products were detected by separation in 2% agarose gel, with addition of Gel Red™ (Biotum, India) and visualised under UV light transiluminator (Vilber-Lourmat, Germany) (Fig.  1) . The presence of specific multiple ladder bands was considered as positive result.
Specificity and sensitivity. To compare the sensitivity and specificity of PCR and LAMP assays, the same templates were used at identical concentration. The specificity was determined using DNA of fowl adenovirus type-1 strain CELO (FadV-1), goose circovirus (GoCV), goose haemorrhagic polyomavirus (GHPV), and DNA isolated from non-infected goose embryo fibroblasts (GEF). The sensitivity was determined under standard conditions of reaction using five 10-fold dilutions of DNA extracted from 24/03 strain with titer ranging from 100 to 0.01 TCID 50 .
Results
Optimisation of LAMP reaction. Optimisation of LAMP was performed using standard 24/03 GPV strain. The optimal concentration of primers, temperature, and primer annealing time were determined. Different time of incubation (20 min, 30 min, 60 min, 120 min) and temperatures (55°C, 58°C, 60°C, 63°C, 65°C) were applied. Negative results were noticed when tubes were incubated at 55°C-58°C and reaction time was below 30 min. The light green colour seen by the naked eye and specific green (SYBR Green) or orange (Gel Red TM ) fluorescence under UV lamp were detected in tubes containing DNA of GPV after incubation at 60°C for 30 min. Tubes incubated at 60°C and 63°C, 65°C for 60 min and 120 min also gave positive results, but the best results were obtained during incubation for 30 min at 60°C, therefore, these conditions were considered as optimal. The concentration of reaction components were established as follows: 1.2 mM dNTPs; 1.2 mM of each FIP and BIP primer; 0.4 mM of each F3 and B3 primer; and 0.8 mM of each LF and LR primer.
To confirm the specificity of the reaction, agarose gel electrophoresis was performed and specific ladder of multiple bands was observed (Fig. 2) . In LAMP assay, the positive signal (green or orange colour of the reaction mixture and characteristic ladder-like pattern obtained in gel electrophoresis) was observed for 100, 10, 1.0, and 0.1 TCID 50 of 24/03 GPV strain. The fluorescence intensity in serial dilutions was variable. No fluorescence was identified at 0.01 TCID 50 and in negative control with DNA template extracted from non-infected GEF. The detection limit was considered as 0.1 TCID 50. The conducted LAMP gel electrophoresis revealed that the positive results were only noticeable in the sample with the same dilutions (from 100 to 0.1 TCID 50 of 24/03 GPV strain), while PCR was capable to detect the GPV presence at the titer above 1.0 TCID 50 (Fig. 3) .
Application of LAMP and PCR in the field cases. In total, 27 samples were examined by the LAMP developed and optimised in the previous step of this study. The same DNA samples were used for LAMP and PCR. Specific fluorescence was noticed in 16 (59.2%) samples. Other samples did not reveal fluorescence (Fig. 4) . The amplified products by PCR method were separated in 2 % agarose gel. By using this method, the presence of 1,604 bp product was confirmed in 15 samples (55.5%).
Discussion
Poland and Hungary are the countries, which lead in the European geese production. This is due to the housing system and ecological feeding of waterfowl. Derzsy's disease, caused by the virus belonging to Parvoviridae family is particularly dangerous disease in geese. It is a serious economical and epizootic threat for waterfowl production. The disease should be notified to the veterinary administration. The virus causes massive death rate among gooslings, up to 100%. Moreover, a significant decrease in weight and loose of featheriness leads to prohibition of export of the goose feathers. Despite of vaccination against Derzsy's disease conducted for the last 30 years, the epizootic situation indicates its constant presence and therefore more research is needed to reduce its impact and improve the diagnosis.
Up till now, detection of Derzsy's disease virus was performed by PCR or real-time PCR (4, 6, 14) . They require an expensive equipment and are timeconsuming (even 4-5 h). The LAMP allows a rapid and simple detection of the virus, even in small laboratories where due to the economic reasons the use of molecular biology methods is inaccessible. The previous reports have shown LAMP as a highly sensitive and simple detection method of avian influenza virus (AIV) (9), duck hepatitis virus type-1 (DHV-1) (10), goose circovirus (GoCV) (11), or avian reovirus (ARV) (12) .
The above study has shown that LAMP is a suitable method for the detection of goose parvovirus (GPV). Optimisation of the reaction allowed the evaluation of results at 60ºC after 30 min. The reaction was specific and it was confirmed by agarose gel electrophoresis. The DNA sensitivity reaction was 0.1 TCID 50 of strain 24/03 GPV for gel electrophoresis and observation of the fluorescence after addition of SYBR Green or Gel Red TM dyes. In comparison, the sensitivity of LAMP specific for AIV reached the limit of 1,000 EID 50 (9) . The high sensitivity of LAMP was also confirmed by Song et al. (10) , who estimated its detection limit as 1.45 pg of DHV-1 RNA. Indeed, the detection limit could be even lower and reached 10 fg of ARV RNA (12) . It is worth to emphasise that LAMP does not require gel electrophoresis, because colour observation method is reliable and sensitive. However, the isolation of total DNA is still compulsory. The previously described data have presented LAMP as a method detecting DNA of GPV cloned as a plasmid. The authors obtained positive results after 20 min at 65°C (13) . The specificity of the reaction was tested using different pathogens (Aleutian disease virus-ADV, Newcastle disease virus-NDV, Pasteurella multocida, Salmonella Enteritidis, Escherichia coli), while the sensitivity was tested using serial 10-fold dilutions of plasmid DNA (pVP3 2.8 x10 0 -2.8x10 11 ). Similar to our data, the authors have demonstrated that LAMP is as specific as PCR (13) . Moreover, the sensitivity of LAMP may be 100-fold higher in comparison to PCR (12) . Our PCR detected DNA of GPV in 15 (55.5%) out of 27 of examined samples, while by LAMP 16 (59.2%) samples were found to be positive. The explanation for these results is the mechanism of LAMP that requires the use of outer and inner primers thus following very sensitive nested-PCR. The third pair of loop primers is not necessary for LAMP progress but significantly accelerates the reaction (11) (12) (13) .
The application of LAMP method allows to detect GPV genetic material with a high sensitivity and requires only a simple water bath, which is cheaper than thermal cyclers necessary for PCR. The following technique does not need gel electrophoresis because of a high sensitivity during the observation by the naked eye, after addition of SYBR Green or Gel Red TM dyes. The developed method may be used in veterinary laboratories, which would significantly improve the diagnosis of Derzsy's disease in geese.
